To evaluate the anatomic and functional outcomes of pars plana vitrectomy combined with internal limiting membrane peeling for recurrent macular edema (ME) due to branch retinal vein occlusion (BRVO) after intravitreal injections of antivascular endothelial growth factor (anti-VEGF) agents. Methods: Twenty-four eyes of 24 patients with treatment-naive ME from BRVO were treated with intravitreal injections of anti-VEGF agents. Recurred ME was treated with pars plana vitrectomy combined with internal limiting membrane peeling. Results: After the surgery, ME was significantly reduced at 1 month (P=0.031) and the reduction increased with time (P=0.007 at the final visit). With the reduction in ME, treated eyes showed a slow improvement in visual acuity (VA). At the final visit, improvement in VA was statistically significant compared with baseline (P=0.048). The initial presence of cystoid spaces, serous retinal detachment, or subretinal hemorrhage under the fovea, as well as retinal perfusion status, showed no association with VA improvement. However, the presence of epiretinal membrane showed a significant association with the visual recovery. Although eyes without epiretinal membrane showed visual improvement (-0.10±0.32 in logarithm of the minimum angle of resolution [logMAR]), eyes with epiretinal membrane showed greater visual improvement (-0.38±0.12 in logMAR, P=0.012). Conclusion: For recurrent ME due to BRVO after anti-VEGF treatment, particularly when accompanied by epiretinal membrane, pars plana vitrectomy combined with internal limiting membrane peeling might be a possible treatment option.
Introduction
Macular edema (ME) is a complication of branch retinal vein occlusion (BRVO) with serious adverse effects on vision.
1,2 Increased intravascular pressure and reduced blood flow in the macular capillaries lead to dysfunction of the endothelial blood-retinal barrier and to increased vascular permeability, resulting in ME. 3 Although grid laser photocoagulation was previously the only established treatment for ME secondary to BRVO, visual recovery was slow and limited. 1 Vascular endothelial growth factor (VEGF) has been reported to play an important role in the pathogenesis of ME secondary to BRVO, [4] [5] [6] and the introduction of intravitreal anti-VEGF treatment has improved the visual prognosis of BRVO; [7] [8] [9] [10] this treatment has consequently been adopted as the standard treatment. The effect of anti-VEGF treatment on the absorption of ME Previously, some investigators reported the efficacy of pars plana vitrectomy combined with internal limiting membrane peeling for ME associated with BRVO. [12] [13] [14] [15] [16] [17] [18] [19] [20] It was reported that the reduction in ME was not rapid after the surgery but the effect was maintained for years. For eyes with ME refractory to repeated intravitreal injections of anti-VEGF agents, surgical intervention may be a possible treatment option. Recently, Yunoki et al reported the efficacy of pars plana vitrectomy with internal limiting membrane peeling for recurrent ME associated with BRVO after intravitreal injections of bevacizumab. 21 So far, however, limited information is available on this surgical intervention for recurrent or persistent ME after anti-VEGF treatment. In the study described herein, we retrospectively investigated the anatomic and functional outcomes of eyes treated with pars plana vitrectomy combined with internal limiting membrane peeling for recurrent ME due to BRVO, in spite of anti-VEGF treatment.
Patients and methods
For this retrospective study, we reviewed the medical records of 24 eyes of 24 consecutive patients who underwent pars plana vitrectomy combined with internal limiting membrane peeling for recurrent ME due to BRVO after anti-VEGF treatment at Kagawa University Hospital from October 2009 through December 2012. Patients were offered pars plana vitrectomy with internal limiting membrane peeling if they had visual loss caused by recurred ME after intravitreal injections of anti-VEGF agents. Exclusion criteria were proliferative diabetic retinopathy, vitreous hemorrhage, central retinal vein occlusion, dense cataract, or a short follow-up period of ,6 months after the surgery. Eyes with previous focal scatter photocoagulation were included, but eyes with any previous treatments for ME were excluded from the current study (eg, intravitreal injections of any anti-VEGF agent or triamcinolone acetonide, or grid laser photocoagulation). This retrospective study was approved by the Institutional Review Board of the Faculty of Medicine, Kagawa University. The study adhered to the tenets of the Declaration of Helsinki. We did not obtain written informed consent from each participant, because according to the guidelines of the Institutional Review Board of the Faculty of Medicine, Kagawa University, it is not necessarily mandatory to obtain informed consent from the patients for a retrospective study in which the researchers reviewed only the patients' medical records.
The diagnoses of BRVO and ME were made by fundus examination and confirmed by fluorescein angiography and optical coherence tomography (OCT). Each patient supplied a medical history and then underwent a complete ophthalmologic examination, including best-corrected visual acuity (VA) measurement with a Landolt chart, slit-lamp biomicroscopy, indirect fundus ophthalmoscopy, and OCT examination. In each patient, digital fundus photographs and fluorescein angiography were obtained using a digital fundus camera (TRC-50LX; Topcon, Tokyo, Japan) after pupil dilatation. Eyes with BRVO were classified as ischemic when the area of nonperfusion was .5 disk diameters in size. 22 Macular perfusion status was also determined as complete or incomplete, according to the previous report of Finkelstein. 23 Repeated fluorescein angiography was performed if necessary. To evaluate the condition of ME, OCT examination was performed (Cirrus; Carl Zeiss Meditec AG, Jena, Germany) at each visit. OCT examination included vertical and horizontal cross-sectional scans centered on the fovea. Central retinal thickness (CRT) was determined as the average retinal thickness in a 1 mm diameter circular region at the fovea.
In the current study, patients who suffered visual disturbances due to ME associated with BRVO were offered intravitreal injection of bevacizumab (Avastin; Genentech, Inc., South San Francisco, CA, USA). The inclusion criterion was eyes with a CRT .300 µm. In this study, pseudophakic eyes were included, but eyes that had undergone a prior vitrectomy were excluded. The dosage of bevacizumab was 1.25 mg/0.05 mL per injection. A retreatment was performed when eyes showed recurrence of ME with visual loss. Off-label use of bevacizumab was approved by the Institutional Ethics Committee; the study protocol adhered to the tenets of the Declaration of Helsinki, and written informed consent was obtained from each patient. Intravitreal injection of ranibizumab (Lucentis; Novartis International AG, Basel, Switzerland) was also used for the recurred ME after its approval in Japan. The dosage of ranibizumab was 1.25 mg/0.05 mL per injection.
For the treatment for recurrent ME, all eyes in the current study underwent a standard 25-G three-port pars plana vitrectomy. After core vitrectomy, posterior vitreous detachment was induced if the cortical vitreous was adherent to the retina. The internal limiting membrane was peeled ~3.0 disk diameters around the fovea with the use of brilliant blue G. During the surgery, no laser photocoagulation was performed on the nonperfusion area of BRVO. For 14 phakic eyes, phacoemulsification and intraocular lens implantation were also performed.
Statistical analysis was performed using IBM SPSS Statistics 
Results
In the current study, 24 eyes of 24 patients with BRVO (ten women and 14 men) were included (Table 1) . At the initial visit, all eyes showed ME with symptomatic visual disturbance. VA ranged from 0.05 to 1.05 (average, 0.44±0.31) in logMAR. No eyes had previously been treated with intravitreal injections of any anti-VEGF agent or triamcinolone acetonide, or grid laser photocoagulation.
After the comprehensive ophthalmic examinations, each eye was treated with an intravitreal injection of bevacizumab. Immediately after treatment, a reduction in ME was achieved. Compared with baseline, CRT was decreased significantly at 1 month (P=0.0018). VA was also significantly improved at 1 month after the initial injection (P=0.0050). However, all eyes showed recurrence of ME, and 14 eyes were received additional injection of anti-VEGF agents (bevacizumab or ranibizumab). Mean number of injections of anti-VEGF agent was 2.33±1.46 (Table 2) . One eye was also treated with a subtenon injection of triamcinolone acetonide for recurrent ME. The duration of the initiation of anti-VEGF treatment to undergoing pars plana vitrectomy was 2-32 months (mean, 10.8±9.0 months).
In spite of the treatment for ME, all eyes showed recurrent ME with subjective visual disturbance. Each eye was treated with pars plana vitrectomy with internal limiting membrane peeling. Phacoemulsification extraction of cataract and intraocular lens implantation were performed in 14 patients. A subtenon injection of triamcinolone acetonide was performed in six eyes. Figure 1 shows the changes in CRT and VA after the surgery. CRT was significantly reduced at 1 month (P=0.031) after the surgery, and the reduction increased with time (P=0.007 at the final visit). With the reduction in CRT, VA also improved albeit slowly. Mean follow-up after the surgery was 13.8±10.8 months. At the final visit, however, improvement in VA was statistically significant compared with baseline VA (P=0.048), although not significant compared with VA before the surgery (P=0.078). No serious complications were seen during or after the surgery.
In the current study, mean follow-up after the initial treatment was 24.5±10.8 months. Table 3 shows the comparisons of the change in VA and CRT during the treatment between eyes classified by the initial retinal features. The presence of cystoid spaces, serous retinal detachment, or subretinal hemorrhage under the fovea had no significant association with the change in VA. Perfusion status in either the extramacular or the macular area showed no significant association. However, the presence of epiretinal membrane showed a significant association with the visual recovery. Although eyes without epiretinal membrane showed visual improvement (-0.10±0.32) with the treatment, eyes with 
Discussion
Since the Branch Vein Occlusion Study Group reported the efficacy of grid laser photocoagulation for chronic ME associated with BRVO, 1 grid laser photocoagulation has been the only established treatment for ME associated with BRVO. However, the visual recovery is slow and limited because the average number of lines gained in treated eyes is limited to 1.33. Now, anti-VEGF treatment is generally accepted as the first choice for ME associated with BRVO. [7] [8] [9] 24 Indeed, the effect of anti-VEGF treatment is rapid and remarkable. In the BRAVO study, the mean improvement in VA was 16.6 and 18.3 letters with 6 monthly injections of ranibizumab (0.3 mg and 0.5 mg, respectively). 10 However, most eyes need to be treated repeatedly. In the HORIZON trial, the mean number of injections of ranibizumab was 2.0-2.4 in the second year after the initiation of the treatment for ME associated with BRVO. 11 The RETAIN study showed that long-term outcomes in BRVO treated with ranibizumab were excellent but that approximately half of the cases still required occasional injections after 4 years. 25 Although the anti-VEGF treatment for ME is convenient and has a rapid effect, repeated injections may be a burden for patients.
In the current study, an intravitreal injection of bevacizumab achieved rapid reduction in ME. In spite of repeated treatment for ME, however, all eyes showed recurrent ME with subjective visual disturbance. All our patients treated 
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Pars plana vitrectomy with internal limiting membrane peeling with pars plana vitrectomy with internal limiting membrane peeling achieved reduction in ME. To date, some investigators have reported the efficacy of this surgical intervention for ME associated with BRVO. [12] [13] [14] [15] [16] [17] [18] [19] [20] However, most reports show efficacy for treatment-naive ME, and limited information is available on recurrent ME. Recently, Yunoki et al showed promising effects of pars plana vitrectomy with internal limiting membrane peeling for recurrent ME due to BRVO after intravitreal injections of bevacizumab. 21 In their report, the improvement in VA was achieved as early as 1 month after the surgery while our patients did not as long as 6 months. This surgical intervention may be a treatment option for ME refractory to the anti-VEGF treatment.
The precise mechanism by which this surgical intervention reduces ME remains uncertain. Vitrectomy may have beneficial effects on retinal ischemia by allowing oxygenated fluid to circulate in the vitreous cavity. 26 In addition, vitreomacular attachment is suggested to be involved in persistent ME in eyes with BRVO. Takahashi et al reported that the incidence of ME was higher in eyes with no or partial posterior vitreous detachment. 27 Therefore, induction of posterior vitreous detachment may contribute primarily to the absorption of ME associated with BRVO. Internal limiting membrane peeling may contribute to the complete removal of traction in the macular area.
Previous reports showed that fovea cystoid spaces, fovea serous retinal detachment, and subretinal hemorrhage are signs of poor visual prognosis in BRVO. [28] [29] [30] [31] In the current study, these features had no significant association with the change in VA. Finkelstein reported incomplete macular perfusion as a sign of good VA prognosis in ischemic ME. 23 In the current study, perfusion status in either the extramacular or the macular area showed no significant association with VA improvement. However, the presence of epiretinal membrane showed a significant association with the visual recovery. Physicians sometimes see eyes with ME due to BRVO together with a fine epiretinal membrane. In case the epiretinal membrane is the primary cause of visual disturbance, surgical intervention is indicated. Because the treatment effect of anti-VEGF agents is limited in vitrectomized eyes because of rapid clearance, 32 physicians tend to choose anti-VEGF agents as the initial treatment for ME even if it is accompanied by a fine epiretinal membrane. Previously, Marticorena et al reported that intravitreal bevacizumab may be associated with early development of epiretinal membrane in eyes with retinal vein occlusion. 33 When such eyes show persistent ME, surgical intervention may help. This study has several limitations, mainly the small sample size (especially eyes with epiretinal membrane) and retrospective study design. In the current study, epiretinal membrane showed a significant association with the postoperative visual recovery. A recent report by Yunoki et al showed no favorable VA change in eyes with epiretinal membrane or vitreomacular traction after surgery. Small sample size in the current study may account for the discrepancy. 21 In addition, the noncomparative design of this study prevented determination of whether surgical intervention improved the visual prognosis. In the current study, phacoemulsification extraction of the cataract and intraocular lens implantation was performed in 14 patients. Accordingly, VA results in our patients may be relatively difficult to interpret. However, as shown in Figure 1 , while the reduction in CRT was already significant at 1 month, postoperative improvement in VA was slow. In addition, mean VA change at 1 month in eyes with combined cataract surgery (-0.06±0.33) was not different, compared with eyes without (0.00±0.12, P=0.525; data not shown). The effect of cataract surgery on VA improvement would be limited.
Conclusion
In the retrospective study reported herein, pars plana vitrectomy combined with internal limiting membrane peeling showed efficacy for recurrent ME associated with BRVO after anti-VEGF treatment. There is no doubt that anti-VEGF treatment is the first choice for ME associated with BRVO. For recurrent ME, particularly when accompanied by epiretinal membrane, surgical intervention may be a possible option. This is a small case series; therefore, a prospective study with larger sample populations is necessary to evaluate the efficacy of surgical interventions in such eyes.
